Objective To investigate time trends in socioeconomic inequalities in cause specific neonatal mortality in order to assess changing patterns in mortality due to different causes, particularly prematurity, and identify key areas of focus for future intervention strategies.
INTRODUCTION
Socioeconomic inequalities in infant mortality exist in many developed countries despite improvements in overall mortality. 1 2 Countries have varying strategies to reduce these inequalities. 1 The UK government has made major attempts to tackle socioeconomic inequalities in infant mortality by setting a public service agreement target in 2003 to reduce the relative deprivation gap in England and Wales by 10% by 2010. 3 However, recent evidence indicates that this target is unlikely to be achieved and the relative deprivation gap may be widening. 4 Public health interventions targeting major potentially modifiable risk factors for mortality are essential. Design of such interventions requires an understanding of current trends in cause specific mortality, as specific causes of death are likely to have different effects on the widening relative deprivation gap in all cause mortality. Recent UK evidence on inequalities in cause specific mortality is contradictory and predominantly cross sectional, preventing the investigation of trends over time. 5 6 Premature birth is the major component of neonatal and infant mortality, accounting for two thirds of neonatal deaths in England. 7 Most of these deaths result from very preterm birth (<33 completed weeks' gestation), 7 and rates of delivery at less than 33 weeks' gestation are rising in the United Kingdom and internationally. 8 9 Research has also shown wide socioeconomic inequalities in the rates of premature birth. 8 10 The combined effect of these trends could have a major effect on the deprivation gap in all cause mortality.
We did a cause specific analysis of time trends in socioeconomic inequalities in neonatal mortality in England over an 11 year period to understand the effect of specific causes of death on the widening relative deprivation gap in all cause mortality.
METHODS
Data on all neonatal deaths (death before 28 days of life) of singleton infants born to mothers resident in England between 1 January 1997 and 31 December 2007 came from the Centre for Maternal Child Enquiries (CMACE; www.cmace.org.uk), which has collected neonatal mortality data as part of its national perinatal mortality surveillance work funded by the National Patient Safety Agency. Data included cause of death, gestational age, and super output area (geographical populations of approximately 1500 residents) of mother's residence. Since 1 January 2004, CMACE has no longer collected information on postneonatal mortality (death between 28 days and 1 year), preventing analyses of infant mortality for the whole 11 year period. However, we did sensitivity analyses using information on infant mortality in 1997-2003 to assess the differences in patterns between neonatal and infant mortality. Denominator data on all live singleton births by year of birth and super output area came from the UK Office for National Statistics (www.statis tics.gov.uk). We focused on singleton births because differential access to fertility treatment may lead to a higher incidence of multiple births in less deprived areas and the neonatal mortality of multiple births is higher than that of singletons.
A local CMACE coordinator initially classified neonatal deaths by using the extended Wigglesworth hierarchical classification system. 11 A CMACE regional manager then checked them with reference to postmortem and coroner's reports where available. Finally, CMACE carried out central cross validation checks to ensure consistency. Here, we expanded the Wigglesworth classification for deaths due to immaturity, on the basis of gestational age at birth (<24 weeks, 24-27 weeks, and 28-36 weeks). We grouped accidental deaths with "other specific conditions."
The government targets in England and Wales measure the relative deprivation gap by using a classification of socioeconomic group based on father's occupation. 3 This excludes infants whose parents have never worked and those who are solely registered by the mother, and these infants have a greatly increased risk of death. We measured socioeconomic inequalities by using an area level measure of deprivation, the index of multiple deprivation for 2004 at the super output area level, to enable inclusion of all infants. 12 This measure of multiple deprivation is made up of seven domain indices at the super output area level, which relate to income deprivation, employment deprivation, health deprivation and disability, education, skills and training deprivation, barriers to housing and services, and living environment deprivation and crime. Super output areas are the smallest areas for which these deprivation data are available; although some degree of heterogeneity will exist within them, the small size of the areas (only 1500 residents) limits this. We ranked all super output areas in England by deprivation score and divided them into 10 groups with approximately equal populations of births: 1 (least deprived) to 10 (most deprived). If neonatal mortality was the same for all deprivation groups, a similar number of neonatal deaths would be expected in each tenth.
We calculated neonatal mortality rates for each cause of death by deprivation tenth and time period (1997-9, 2000-2, 2003-5, and 2006-7). We used Poisson regression models to assess trends in mortality by deprivation tenth over time, 13 fitting separate models for all cause mortality and each specific cause of death.
UK targets for reducing socioeconomic inequalities in infant mortality are based on the relative deprivation gap, to avoid the influence of the underlying prevalence. Here, to compare our findings with the national targets, we measured the relative deprivation gap by fitting a linear trend between deprivation tenth and mortality and calculating the mortality rate ratio between the most deprived and least deprived tenths, which is similar in approach to the relative index of inequality. 14 We assessed significant change in the relative deprivation gap over time by fitting a separate deprivation effect for each time period. We assessed reductions in neonatal mortality over time between 1997-9 and 2006-7 by relative change (percentage reduction in mortality rate by deprivation tenth). However, investigating both the relative and absolute deprivation gap can aid a better understanding of time trends in socioeconomic inequalities. Adjusting for the underlying prevalence can ignore important changes in the absolute deprivation gap. Here, we calculated absolute change in neonatal mortality over time by deprivation tenth (difference in neonatal mortality per 10 000 births by deprivation tenth) to assess improvements in mortality. We used the delta method to calculate confidence limits. 15 We estimated excess mortality associated with deprivation as a percentage by applying the neonatal mortality rate in the least deprived tenth to the total population and dividing that by the total number of deaths observed. We calculated the proportion of the deprivation gap in all cause neonatal mortality explained by each cause for each time period. For each specific cause, we estimated the neonatal mortality rate in the least deprived tenth and the most deprived tenth for each time period by using the regression models. We calculated the absolute difference in these two rates and expressed it as a proportion of the absolute difference in rates for all causes combined. In absolute terms, rates decreased more between 1997-9 and 2006-7 in the most deprived tenth (7.4 fewer deaths per 10 000 births in most deprived tenth; 5.6 fewer deaths per 10 000 births in least deprived tenth). However, the relative reduction in mortality over time was smaller in the most deprived tenth (17%) compared with the least deprived tenth (26%) (table 2). In 1997-9 infants were at twice the risk of neonatal death in the most deprived tenth compared with the least deprived tenth (mortality rate ratio 2.08, 95% confidence interval 1.92 to 2.27) ( Cause specific neonatal mortality Deaths due to immaturity were the most common (44.5%), followed by those due to congenital anomalies (24.1%), intrapartum events (10.6%), infection (9.1%), accidents and other specific causes (7.0%), and sudden infant deaths (2.9%) (table 1). The number of deaths increased with increasing deprivation for each cause, although the increase varied in magnitude. With the exception of deaths due to immaturity at less than 24 weeks' gestation, neonatal mortality fell over time for all causes; the greatest falls were for immaturity at 24-27 weeks' and 28-36 weeks' gestation. For five of the eight causes of death (congenital anomalies, immaturity at <24 and 24-27 weeks, infection, and accidents and other specific causes), a larger Intrapartum deaths and sudden infant deaths showed a greater fall in mortality in the most deprived tenth than in the least deprived tenth, leading to a nonsignificant narrowing of the deprivation gap for these causes. However, these deaths comprised only 13.5% of deaths and their effect on all cause mortality was small. Deaths due to intrapartum events showed the narrowest deprivation gap in mortality rates (range 1.15-1.37). Consequently, the reduction in deaths if the rates seen in the least deprived tenth were applied across all tenths was small (range 6.8-14.8%). In contrast, the deprivation gap for sudden infant deaths was the widest seen for any specific cause in 1997-9 (mortality rate ratio 3.62). This fell non-significantly over time to 2.32 in 2006-7. Sudden infant deaths would have been reduced by more than half in 1997-9 if mortality rates for the least deprived tenth were applied to the whole population, compared with a reduction of just over a third in 2006-7.
The figure shows the percentage of the deprivation gap in all cause neonatal mortality explained by each specific cause. Deaths due to immaturity (babies <24 weeks', 24-27 weeks', and 28-36 weeks' gestation) and congenital anomalies explain most of the deprivation gap in all cause mortality, which increased from 77% in 1997-9 to a peak of 82% in 2003-5 and then fell to 79% in 2006-7. This results from a combination of a widening deprivation gap in mortality for these causes, higher mortality, and a lack of decline in mortality due to immaturity at less than 24 weeks. The remaining causes (sudden infant death, intrapartum events, infection, and accidents and other causes) account for only 20% of the deprivation gap. This is partially related to lower mortality but also to the narrow deprivation gap in mortality for intrapartum deaths. The percentage of the gap explained by sudden infant deaths fell over time from 5% in 1997-9 to 2.5% in 2006-7.
Sensitivity analyses Sensitivity analyses of infant mortality (1997) (1998) (1999) (2000) (2001) (2002) (2003) showed extremely similar trends in the deprivation gap over time for all cause mortality and each specific cause but with slightly wider deprivation gaps than for neonatal mortality. In 1997-9 sudden infant deaths explained 20% of the deprivation gap in all cause infant mortality, but this declined to 8% by 2003. By contrast, immaturity and congenital anomalies accounted for 53% of the deprivation gap in 1997-9, which increased to 73% in 2003, similar to the percentage seen for neonatal mortality. Hence, whereas the percentage of infant deaths due to each cause differed from neonatal deaths in 1997-9, over time the patterns are becoming more similar as immaturity and congenital anomalies play a greater role.
DISCUSSION
This study estimated time trends in the deprivation gap in neonatal mortality by cause of death, for which limited data have been published. Neonatal mortality rates were more than twice as high in the most deprived areas of England than in the least deprived areas, and the relative gap widened over time before a slight narrowing in recent years. Neonatal deaths would be 39% lower if all areas had the same neonatal mortality rates as the least deprived areas. This widening relative deprivation gap in all cause neonatal mortality is particularly associated with an increase in the proportion of deaths associated with immaturity at less than 24 weeks ' gestation, for which the deprivation gap in mortality is widest, and differential falls in mortality by deprivation over time for congenital anomalies and immaturity at 24-27 weeks' and 28-36 weeks' gestation. Wide socioeconomic inequalities existed in deaths due to congenital anomalies and immaturity, as seen previously, 6 and these causes accounted for more than three quarters of the deprivation gap in all cause mortality. The relative deprivation gap in all cause neonatal mortality reported here is wider than that in the UK government's report on infant mortality, 4 which compared routine and manual workers with the most advantaged occupational group (2005 rate ratio 1.94). However, the gap we have identified is similar to that found in a comparison of solely registered births and those whose father has never worked with the most advantaged group (2005 rate ratio 2.78). 1 To properly understand the current situation and the effect of any intervention, these high risk infants must not be overlooked and should be included in analyses.
Although we have shown that the relative deprivation gap in neonatal mortality has generally widened over time, the absolute gap has reduced. The fall in neonatal mortality in the most deprived areas has been greater in absolute terms than in the least deprived areas. Consequently, although the UK government targets are unlikely to be achieved, efforts to improve neonatal mortality in the most deprived areas over the past decades have been successful to some extent.
Premature birth has a major impact on the deprivation gap, particularly for deaths among infants born at less than 24 weeks' gestation, who show the widest deprivation gap in neonatal mortality and, unlike for all other causes of death, no evidence of a decline in mortality over time. Tertiary interventions to reduce the burden of mortality and morbidity, such as advances in neonatal care, have led to great improvements in survival of premature infants born at 24-32 weeks' gestation. 9 However, the extremely poor survival of those born at less than 24 weeks' gestation has changed little over time in the UK, 16 and this is also true of population based data from elsewhere in the world. 17 18 We believe that further progress in neonatal care alone is unlikely to change this situation. As a result, the impact of extremely preterm infants on neonatal mortality is likely to increase, as their rates are increasing in the UK and internationally. 8 9 Changes in practice as to whether babies are considered to be live births may partially explain this increase in incidence. Babies born dead before 24 weeks' gestation are not part of the mandatory registration scheme, and trends in the overall birth rate (alive and dead) at this gestation cannot be reliably estimated. We believe that mechanisms that lead to birth at this gestation are likely to be largely the same as those for babies born prematurely after 24 weeks. As a consequence, they are almost certainly part of the spectrum of increased risk of preterm birth that seems to be associated with deprivation. 8 19 Our data from an English region suggest that, over time, a greater proportion of these babies are considered to be live births, increasing their contribution to all cause mortality. 16 This is in stark contrast to the Netherlands, where policy is in place to attempt resuscitation of infants only if they are 25 weeks' gestation and over. 20 Socioeconomic inequalities in deaths due to congenital anomalies are widening and represent more than a third of the deprivation gap in all cause mortality. Various potential underlying trends may contribute to the widening gap. These include whether the birth prevalence of certain lethal anomalies has decreased among the less deprived groups and similarly whether these mothers have differential access to or uptake of treatments available for the most severe anomalies. Maternal factors such as age and ethnicity also influence these factors. Variations exist in the UK on a regional basis, but whether they are due to underlying socioeconomic differences is not known. 21 Increased risk of non-chromosomal congenital anomalies has been seen with increasing deprivation, 22 23 and recent declines in these anomalies may be more evident among the least deprived communities. 21 Of equal importance are socioeconomic differences in women's attitudes to termination when a severe anomaly is confirmed. Further detailed research is needed to determine whether the observed differences represent variations in choice, differential access to screening and treatments, or changes in incidence.
Neonatal mortality rates for intrapartum events showed the least variation with deprivation, as previously seen, 24 6 indicating that this aspect of midwifery Percentage of deprivation gap in all cause mortality explained by each cause of death over time and obstetric care is less influenced by deprivation. As such events are acute and generally not predictable before labour, this finding provides reassurance that care in labour is not related to deprivation. However, intrapartum deaths remain relatively common and mortality rates changed little over time, indicating that improvements to midwifery and obstetric care in England do not seem to have affected these deaths. The effect of public health campaigns to reduce the rate of sudden infant death is certainly reflected in our data, with declines in the deprivation gap, and the overall influence of this cause of death on neonatal mortality is now limited.
Limitations
Our work focused on neonatal mortality, as data on gestation specific post-neonatal deaths after 2003 were not available. However, patterns in infant mortality in 1997-2003 showed extremely similar patterns to those seen for neonatal mortality, with a slightly wider deprivation gap. The contribution of each cause to the overall deprivation gap is similar, and we believe that this similarity is likely to persist over time. Our main interest was in the effect of changing patterns of deaths relating to immaturity, and this is more likely to be seen in neonatal mortality. Our work lacks detailed data on individual risk behaviour and so may be open to problems of confounding. Epidemiological work using individual level data have shown wide differences in mortality-for example, mortality due to maternal smoking during pregnancy in infants from deprived areas in Scotland. 25 Despite this, provided the results are treated cautiously and trends are not extrapolated beyond the time period under study, our methods are relatively straightforward and provide a way for health service planners to monitor up to date trends in mortality.
Implications
Despite targets being set to improve inequalities in infant mortality by 2010 in the UK, the deprivation gap does not seem to be narrowing. Cause specific analyses provide more detailed information, highlighting the contribution of each causal group and the effect of interventions or changes in society over time. This study was based entirely on data for England, but we believe that cause specific analyses could provide much greater insight into socioeconomic inequalities in neonatal mortality on a global level and allow all countries to more fully understand their early childhood mortality rates and prioritise appropriate interventions.
In the absence of such an analysis, various identifiable actions have been recommended in England and Wales to reduce the deprivation gap in infant mortality by the target 10% 4 (in order of magnitude of anticipated reduction): increasing breastfeeding rates and reducing obesity in the routine and manual work group; reducing smoking rates during pregnancy; and reducing rates of sudden infant death, overcrowded housing, and teenage conceptions in the routine and manual work group. Although these are all laudable aims, the work presented here shows that unless interventions target specifically the risk of very premature birth and potentially lethal congenital abnormalities the effect on the deprivation gap is likely to be minor. For example, even accounting for the higher rates of infant mortality due to sudden infant death compared with neonatal mortality, on the basis of our findings the contribution to the total mortality gap is simply too small to have an important effect. The situation is somewhat different for smoking, which evidence suggests is an important factor in the causes of preterm birth and as a consequence infant mortality. 20 21 The potential effect of reducing obesity and teenage pregnancy is less clear, in terms of existing evidence. 6 22 However, smoking, obesity, and teenage pregnancy have all been the subject of longstanding public health campaigns with limited success, and the UK's suggested goals require major behavioural changes. Our lack of understanding about the everyday environmental influences on the risk of preterm birth and major congenital abnormalities seems to be a significant impediment to the development of a rational strategy for diminishing the influence of deprivation on measures of early childhood mortality.
We have previously shown the importance of immaturity in the UK compared with other European countries, 26 and the March of Dimes Foundation has highlighted the problem in global terms. 9 Tackling the wide deprivation gap in deaths of babies born at less than 24 weeks' gestation is unlikely to be achievable through further progress in neonatal care, highlighting the need for a greater understanding of the mechanistic link between deprivation and prematurity. This should be a major research priority, 27 which would then allow a focus on primary preventive strategies to reduce the rate of prematurity itself. 28 Our lack of understanding about the influence of health inequality in relation to major congenital anomalies deserves no less attention.
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WHAT IS ALREADY KNOWN ON THIS TOPIC
Socioeconomic inequalities in infant and neonatal mortality exist in many developed countries, with a higher rate of early childhood death in families from deprived backgrounds A government target was introduced to reduce the deprivation gap in infant mortality in England by 10% by 2010, yet the gap has widened; an implementation strategy has been instigated to achieve this target
WHAT THIS STUDY ADDS
Almost 80% of the deprivation gap in neonatal mortality in England is the result of differences in deaths related to either immaturity or congenital anomalies
The current implementation strategy in England to reduce the relative deprivation gap does not adequately tackle these two main causes of death Similar patterns probably exist in other developed countries, and these are best explored through cause specific analysis.
